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(57) ABSTRACT

A wavelength selective switch includes an input/output unit
that has a first port group including a first input port and a
first output port and a second port group including a second
input port and a second output port; a wavelength dispersion
element that disperses wavelength multiplexing light in
wavelength components; a deflection element that deflects a
direction of an incident beam; and an optical system that
optically couples the input/output unit, the wavelength dis-
persion element, and the deflection element along a prede-
termined axis. The optical system includes an optical com-
ponent, a first input beam input from the first input port is
inclined at a first angle to the predetermined axis and is
incident on the optical component, and a second input beam
input from the second input port is inclined at a second angle
to the predetermined axis and is incident on the optical
component.

11 Claims, 4 Drawing Sheets
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1
WAVELENGTH SELECTIVE SWITCH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wavelength selective
switch.

2. Related Background Art

A wavelength selective switch is disclosed in U.S. Pat.
No. 7,397,980 and Japanese Patent Application Laid-Open
No. 2011-248000. The wavelength selective switch includes
a plurality of port groups that include input ports and output
ports. A beam input from the input port of each port group
is deflected independently in an individual deflection area.

A wavelength selective switch in which an optical axis of
a beam input from a certain port group and an optical axis
of a beam input from other port group are inclined in
directions opposite to each other for a predetermined axis is
known. For example, when an optical element included in an
optical system has a refractive index boundary surface
vertical to the predetermined axis, the beam input from the
input port of the certain port group may return to an input
port of a different port group.

SUMMARY

A wavelength selective switch according to one aspect of
the present invention includes: an input/output unit having a
first port group including a first input port and a first output
port and a second port group including a second input port
and a second output port; a wavelength dispersion element
dispersing wavelength multiplexing light in wavelength
components; a deflection element deflecting a direction of an
incident beam; and an optical system optically coupling the
input/output unit, the wavelength dispersion element, and
the deflection element along a predetermined axis, wherein
the optical system includes an optical component, a first
input beam input from the first input port is inclined, at a first
angle to the predetermined axis and is incident on the optical
component, a second input beam input from the second input
port is inclined at a second angle to the predetermined axis
and is incident on the optical component, positive/negative
signs of inclinations of the first angle and the second angle
for the predetermined axis are different from each other, art
optical axis of the optical component is inclined to the
predetermined axis, such that a part of the first input beam
is inclined at a third angle to the predetermined axis in the
optical component and is reflected and a part of the second
input beam is inclined at a fourth angle to the predetermined
axis in the optical component and is reflected, the third angle
is different from the first angle and the second angle, the
fourth angle is different from the first angle and the second
angle, and positive/negative signs of inclinations of the third
angle and the fourth angle for the predetermined axis are
equal to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram illustrating a configura-
tion of a wavelength selective switch according to an
embodiment and a diagram illustrating the wavelength
selective switch when viewed from an upper side;

FIG. 1B is a schematic diagram illustrating a configura-
tion of the wavelength selective switch according to the
embodiment and diagram illustrating the wavelength selec-
tive switch when viewed from a lateral side;
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2

FIG. 2A is an enlarged view of a configuration of an
input/output unit and a diagram illustrating the input/output
unit when viewed from an upper side (X-axis direction);

FIG. 2B is an enlarged view of a configuration of the
input/output unit and a diagram illustrating the input/output
unit when viewed from a lateral side (Y-axis direction);

FIG. 3 is an enlarged view of an optical component and
a diagram illustrating the optical component when viewed
from a lateral side; and

FIG. 4 is a lateral cross-sectional view illustrating a
configuration according to a modification.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, a specific example of a wavelength selective
switch according to an embodiment of the present invention
will be described with reference to the drawings. The present
invention is not limited to the exemplary embodiment but
indicated by claims and all changes in a meaning and a range
equivalent to the claims are included in the present inven-
tion. In the following description of the drawings, like
elements are denoted by like reference numerals and over-
lapped description is omitted.

FIGS. 1A and 1B are schematic diagrams illustrating a
configuration of a wavelength selective switch 1A according
to the embodiment of the present invention. FIG. 1A is a
diagram illustrating the wavelength selective switch 1A
when viewed from an upper side and FIG. 1B is a diagram
illustrating the wavelength selective switch 1A when viewed
from a lateral side. In order to facilitate understanding, an
XYZ orthogonal coordinate system is illustrated in FIGS.
1A and 1B. An X axis defines a vertical direction, a Y axis
defines a horizontal direction, and a Z axis defines an
anteroposterior direction.

As illustrated in FIGS. 1A and 1B, the wavelength selec-
tive switch 1A according to this embodiment includes an
input/output unit 10, a wavelength dispersion element 20, a
deflection element 30, and an optical system 40. In addition,
the optical system 40 has an optical component 41, a relay
optical system. 42, and a condensing lens 43. The input/
output unit 10 and the wavelength dispersion element 20 are
optically coupled along a predetermined axis Al, by the
optical component 41 and the relay optical system 42. In
addition, the wavelength dispersion element 20 and the
deflection element 30 are optically coupled along the pre-
determined axis Al, by the condensing lens 43. For simpli-
fication of description, the predetermined axis Al is shown
by a straight line in the drawings. However, the predeter-
mined axis A1 may be bent by a reflection mirror or a prism.
In this embodiment, the predetermined axis Al is matched
with the Z axis.

Hereinafter, a side of the input/output unit 10 on an optical
path between the input/output unit 10 and the deflection
element 30 is called a front step (or a front side). In addition,
a side of the deflection element 30 on the same optical path
is called a rear step (or a rear side).

The input/output unit 10 inputs signal light (hereinafter,
referred to as an input beam) to be wavelength multiplexing
light including a plurality of wavelength components from
the outside of the wavelength selective switch 1A and
outputs each wavelength component to the outside of the
wavelength selective switch 1A. FIGS. 2A and 2B are
enlarged views of a configuration of the input/output unit 10
according to this embodiment. FIG. 2A is a diagram illus-
trating the input/output unit 10 when viewed from an upper
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side (X direction) and FIG. 2B is a diagram illustrating the
input/output unit 10 when viewed from a lateral side (V
direction).

The input/output unit 10 according to this embodiment
has a first port group 10A and a second port group 10B. The
first port group 10A includes a first input port 11a and a
plurality of first output ports 115. In addition, the second port
group 10B includes a second input port 12a and a plurality
of second output ports 125.

A first input beam Bal is input from the input port 1la.
The input beam Bal is wavelength multiplexing light
including a plurality of wavelength components and is
polarization multiplexing light including a first polarization
component (for example, a p-polarization component) and a
second polarization component (for example, an s-polariza-
tion component) of which polarization planes are different
from each other. The input beam Bal input from the input
port 11a is dispersed in a plurality of wavelength compo-
nents Bb1 (in the drawings, one wavelength component Bb1
is representatively illustrated) by the wavelength dispersion
element 20 (refer to FIGS. 1A and 1B) and each wavelength
component is output from the predetermined output port
115.

A second input beam Ba2 is input from the input port 12a,
The input beam Ba2 is wavelength multiplexing light
including a plurality of wavelength components and is
polarization multiplexing light including a first polarization
component (for example, a p-polarization component) and a
second polarization component (for example, an s-polariza-
tion component) of which polarization planes are different
from each other. The input beam Ba2 input from the input
port 12q is dispersed in a plurality of wavelength compo-
nents Bb2 (in the drawings, one wavelength component Bb2
is representatively illustrated) by the wavelength dispersion
element 20 (refer to FIGS. 1A and 1B) and each wavelength
component is output from the predetermined output port
125.

As such, in the wavelength selective switch 1A, each
wavelength component is switched independently for each
of the port groups 10A and 10B. The input port 11a and the
plurality of output ports 115 and the input port 12a and the
plurality of output ports 125 are included in a surface (XZ
plane) including the predetermined axis Al and are arranged
in a line along the X axis (vertical direction) to be a direction
crossing the predetermined axis Al.

The input ports 11a and 12a and the output ports 115 and
1254 include an optical waveguide 13 that extends along the
predetermined axis Al and a lens 14 that is optically coupled
to an apical surface of the optical waveguide 13. In the input
port 11a, the first input beam Bal input from the optical
waveguide 13 is collimated (parallelized) by the lens 14. In
addition, in the input port 124, the second input beam Ba2
input from the optical waveguide 13 is collimated (paral-
lelized) by the lens 14. At this time, because an optical axis
of the lens 14 is offset in the X direction for the optical axis
of the optical waveguide 13, optical axes of the input beams
Bal and Ba2 emitted from the lens 14 are inclined to the
predetermined axis Al in the XZ plane.

In this embodiment, a shift direction of the lens 14 is
different in the input port 11a and the input port 12a. In the
input port 11a, the optical axis of the lens 14 is offset in a
positive direction of the X axis for the optical axis of the
optical waveguide 13. In contrast, in the input port 124, the
optical axis of the lens 14 is offset in a negative direction of
the X axis for the optical axis of the optical waveguide 13.
Therefore, the input beam Bal and the input beam Ba2 are
inclined in a direction to approach each other.
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In the output ports, a shift direction of the lens 14 is
different in the output port 116 and the output port 125. In
the output port 115, the optical axis of the lens 14 is offset
in a positive direction of the X axis for the optical axis of the
optical waveguide 13. In contrast, in the output port 125, the
optical axis of the lens 14 is offset in a negative direction of
the X axis for to the optical axis of the optical waveguide 13.
Therefore, the wavelength component Bb1 and the wave-
length component Bb2 are inclined in a direction to
approach each other. When the predetermined axis Al is set
to 0°, inclination angles of the input beams Bal and Ba2 and
inclination angles of the wavelength components Bb1 and
Bb2 are larger than 0° and are smaller than 5°, preferably,
are larger than 0° and are smaller than 3°.

As illustrated in FIGS. 1A and 1B, the optical component
41 is arranged on a rear step of the input/output unit 10 on
the predetermined axis Al. FIG. 3 is an enlarged view of the
optical component 41 according to this embodiment and a
diagram illustrating the optical component 41 when viewed
from a lateral side (Y direction). The optical component 41
is obtained by integrally forming a polarization separation
element 44, a wavelength plate 45, and an air conversion
length compensation unit 46.

The polarization separation element 44 is an optical
element that has a front surface 44a to be an incidence
surface and a polarization separation surface 445 to separate
the first polarization component and the second polarization
component. The input beams Bal and Ba2 are incident from
the front surface 44a. The polarization separation surface
445 is inclined to the predetermined axis Al in the XZ plane,
reflects one of the first and second polarization components
in the negative direction of the X axis, and transmits the
other. By the polarization separation surface 444, the input
beam Bal is separated into a first polarization component
Ball and a second polarization component Bal2 and the
input beam Ba2 is separated into a first polarization com-
ponent Ba21 and a second polarization component Ba22. In
the drawings, an example of the case in which the polariza-
tion separation surface 445 transmits the first polarization
components Ball and Ba21 and reflects the second polar-
ization components Bal2 and Ba22 is illustrated.

The polarization separation element 44 further has a
reflection surface 44¢. The reflection surface 44c¢ is parallel
to the polarization separation surface 445 and reflects the
second polarization components Bal2 and Ba22 reflected on
the polarization separation surface 445 again. Thereby, opti-
cal axes of the second polarization components Bal2 and
Ba22 are parallel to optical axes of the original input beams
Bal and Ba2.

The wavelength plate 45 is arranged on the optical axes of
the first polarization, components Ball and Ba2l and is
formed integrally with the polarization separation element
44. Specifically, the wavelength plate 45 is adhered to a rear
surface 444 of the polarization separation element 44. The
rear surface 444 is parallel to the front surface 44a. There-
fore, a plate surface of the wavelength plate 45 is parallel to
the front surface 44a. The wavelength plate 45 rotates
polarization planes of the first polarization components Ball
and Ba21 and matches the polarization planes with polar-
ization planes of the second polarization components Bal2
and Ba22. The polarization planes are matched with each
other, so that polarization planes of light incident on the
deflection element 30 or the wavelength dispersion element
20 to be an element having polarization dependency can be
aligned. The wavelength dispersion element 20 having the
polarization dependency is a diffraction grating, for
example. The deflection element 30 having the polarization
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dependency is a liquid crystal element, for example. The
deflection element 30 is liquid crystal on silicon (LCOS) to
be a spatial light modulator (SLLM) using the liquid crystal
element.

The air conversion length compensation unit 46 is
arranged on the optical paths of the second polarization
components Bal2 and Ba22, contacts the rear surface 44d of
the polarization separation element 44, and is formed inte-
grally with the polarization separation element 44. The air
conversion length compensation unit 46 is a compensation
optical element in this embodiment and compensates for an
air conversion length difference in a medium which the first
polarization components Ball and Ba2l and the second
polarization components Bal2 and Ba22 transmit. The air
conversion length is represented as d/n, when a thickness of
the light transmitting medium is set to d and a refractive
index thereof is set to n. A cross-sectional shape of the air
conversion length compensation unit 46 along the X7 plane
is a shape of a rectangle long in optical axis directions of the
polarization components Bal2 and Ba22 and the air con-
version length compensation unit 46 is adhered to the rear
surface 44d of the polarization separation element 44 at a
predetermined short side.

The input beams Bal and Ba2 from the input/output unit
10 are incident on the front surface 44a of the polarization
separation element 44. The input beam Bal is inclined at a
first angle 01 to the predetermined axis Al in a surface (XZ
plane) including the predetermined axis Al. If an angle is
defined in a counterclockwise direction on the basis of the
predetermined axis A1, a sign of the first angle 01 is positive.
The input beam Ba2 is inclined at a second angle 62 to the
predetermined axis Al and is incident on the front surface
44a of the polarization separation element 44. A sign of the
second angle 02 is negative. As such, the positive/negative
signs of the first angle 61 and the second angle 62 for the
predetermined axis Al are opposite to each other. Thereby,
the input beams Bal and Ba2 are inclined in a direction in
which the optical axes approach each other and are incident
on the front surface 44a. In this embodiment, an absolute
value of the first angle 61 and an absolute value of the
second angle 02 are substantially equal to each other, for
example, 01=a (a is a positive real number) and 62=-c.. For
example, a is larger than 0° and is smaller than 5°, prefer-
ably, is larger than 0° and is smaller than 3°.

In this embodiment, because the input beams Bal and Ba2
from the input/output unit 10 are incident on the front
surface 44a directly, the angles 61 and 02 are equal to
inclination angles of the input beams Bal and Ba2 emitted
from the input/output unit 10 for the predetermined axis Al.
However, when a different optical element is provided
between the input/output unit 10 and the front surface 44a,
the inclination angles of the input beams Bal and Ba2
emitted from the input/output unit 10 for the predetermined
axis Al and the angles 01 and 62 may be different from each
other.

In the X7 plane, the optical axis A2 of the optical
component 41 is inclined to the predetermined axis Al.
Specifically, each normal of the front surface 44a, the rear
surface 444, a front plate surface and a rear plate surface of
the wavelength plate 45, and a front end face and a rear end
face of the air conversion length compensation unit 46 is
inclined in the X direction for the predetermined axis Al in
the X7 plane. Thereby, parts of the input beams Bal and Ba2
incident on the front surface 444 are inclined at a third angle
03 and a fourth angle 64 to the predetermined axis A1l in the
XZ plane, respectively, and are reflected. In addition, in the
front plate surface of the wavelength plate 45, parts of the
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6

first polarization components Ball and Ba21 are inclined at
the third angle 63 and the fourth angle 64 to the predeter-
mined axis Al in the XZ plane, respectively, and are
reflected. This is the same in the other surfaces (the rear
surface 44d, the rear plate surface of the wavelength plate
45, and the front end face and the rear end face of the air
conversion length compensation unit 46). Here, an inclina-
tion angle of the optical component 41 for the predetermined
axis Al is adjusted, so that the angles 63 and 64 are different
from the angles 61 and 62. In addition, the positive/negative
signs of the angles 63 and 64 for the predetermined axis Al
are equal to each other. In this embodiment, because the
optical axis A2 of the optical component 41 is inclined to the
predetermined axis A1 in a positive angular direction (coun-
terclockwise direction), the signs of the angles 63 and 64
become positive. An absolute value of the angles 63 and 64
is larger than an absolute value lal of an angle (in this
embodiment, the angle 01) having the same sign as the signs
of the angles 63 and 04 from between the angles 01 and 62.

Referring to FIGS. 1A and 1B again, the relay optical
system 42 is arranged on the predetermined axis Al between
the optical component 41 and the wavelength dispersion
element 20 and optically connects the lens 14 of the input/
output unit 10 and the condensing lens 43. The relay optical
system 42 includes lenses 42a and 425b. The lens 42a has
optical power in the XZ plane and the YZ plane. The lens
42a is a rotationally symmetric lens, for example, a spherical
lens of a convex shape. The lens 42a is arranged on a front
step more than the lens 4254. The lens 425 has optical power
in at least the XZ plane. The lens 425 is a cylindrical lens
having optical power in only the XZ plane, for example. As
the relay optical system 42, a reflection-type element having
the optical power such as a mirror can be applied, in addition
to the transmission-type element such as the lens. Here, the
optical power is defined as a reciprocal number of a focal
distance.

The wavelength dispersion element 20 is an element to
disperse the wavelength multiplexing light in wavelength
components and is arranged on the predetermined axis Al
between the relay optical system 42 and the condensing lens
43. The polarization components Ball, Bal2, Ba21, and
Ba22 that have been separated by the optical component 41
and have passed through the relay optical system 42 are
incident on the wavelength dispersion element 20. The
wavelength dispersion element 20 disperses the wavelength
components included in the incident polarization compo-
nents Ball, Bal2, Ba21, and Ba22 in the Y direction (that
is, the YZ plane) according to the wavelengths thereof and
emits the wavelength components. The polarization compo-
nents Ball, Bal2, Ba2l, and Ba22 are dispersed in a
plurality of wavelength components in the wavelength dis-
persion element 20. Here, only a single wavelength com-
ponent is illustrated. The wavelength dispersion element 20
is a diffraction grating, for example.

The condensing lens 43 has optical power in the XZ plane
and the YZ plane. The condensing lens 43 emits the wave-
length components included in the polarization components
Ball, Bal2, Ba21, and Ba22 dispersed by the wavelength
dispersion element 20 to the deflection element 30 while
collimating the wavelength components in the X7 plane.
The condensing lens 43 emits the wavelength components
included in the polarization components Ball, Bal2, Ba21,
and Ba22 dispersed by the wavelength dispersion element
20 to the deflection element 30 while condensing the wave-
length components in the YZ plane. The condensing lens 43



US 9,467,757 B2

7

is a rotationally symmetric lens and is a spherical lens of a
convex shape having optical power in the X7 plane and the
YZ plane.

The deflection element 30 deflects a direction of the
incident beam. The deflection element 30 is arranged at a
beam waist position of the wavelength component included
in the polarization components Ball, Bal2, Ba21, and Ba22
emitted from the condensing lens 43, in the YZ plane.
Therefore, in the XZ plane and the YZ plane, an arrangement
position of the deflection element 30 may not be matched
with a rear focal point of the condensing lens 43. The
deflection element 30 deflects the wavelength components
included in the polarization components Ball, Bal2, Ba21,
and Ba22 condensed by the condensing lens 43 to the
predetermined output ports 115 and 125.

The deflection element 30 has a plurality of deflection
elements arranged along the Y-axis direction and deflects
each wavelength component independently by phase modu-
lation. As the deflection element 30, the SLM can be used
and the LCOS is preferably used. In this case, a plurality of
pixels arranged in the X direction among a plurality of pixels
arranged in a two-dimensional array along the X axis and the
Y axis perform phase modulation of each wavelength com-
ponent.

The wavelength components deflected by the deflection
element 30 are incident on the optical component 41 again
through the condensing lens 43, the wavelength dispersion
element 20, and the relay optical system 42, as the polar-
ization components Ball, Bal2, Ba21, and Ba22. The
polarization components Ball and Bal2 are multiplexed
with each other in the polarization separation surface 445 of
the optical component 41 and are output as the wavelength
component Bb1 (refer to FIGS. 2A and 2B) to the outside of
the wavelength selective switch 1A through the predeter-
mined output port 115. In addition, the polarization compo-
nents Ba21 and Ba22 are multiplexed with each other in the
polarization separation surface 445 of the optical component
41 and are output as the wavelength component Bb2 (refer
to FIGS. 2A and 2B) to the outside of the wavelength
selective switch 1A through the predetermined output port
125.

An effect obtained by the wavelength selective switch 1A
having the configuration described above will be described.
The optical system 40 of the wavelength selective switch 1A
has the optical component 41. In the optical component 41,
the input beam Bal input from the input port 11« is inclined
at the angle 61 to the predetermined axis Al in the surface
(XZ plane) including the predetermined axis Al and is
incident and the input beam Ba2 input from the input port
12a is inclined, at the angle 62 to the predetermined axis Al
in the X7 plane and is incident. In addition, the positive/
negative signs of the inclination angles of the angle 61 and
the angle 02 for the predetermined axis Al are opposite to
each other. Therefore, when optical component 41 has a
refractive index boundary surface vertical to the predeter-
mined axis Al, the input beam input from one input port is
reflected on the refractive index boundary surface and
returns to other input port. Meanwhile, in the wavelength
selective switch 1A according to this embodiment, the
optical axis of the optical component 41 is inclined to the
predetermined axis Al and each reflection light of the input
beams Bal and Ba2 incident on the optical component 41 is
reflected at the angles 03 and 04 for the predetermined axis
Al in the X7 plane. In addition, the angles 63 and 64 are
different from the angles 61 and 62. The positive/negative
signs of the inclination angles of the angles 63 and 64 for the
predetermined axis Al are equal to each other. Thereby, the
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reflection light of the input beam Bal incident on the optical
component 41 can be prevented from returning to the input
port 12a and the reflection light of the input beam Ba2
incident on the optical component 41 can be prevented from
returning to the input port 11a. That is, according to the
wavelength selective switch 1A according to this embodi-
ment, the input beam input from the input port of the certain
port group can be prevented from returning to the input port
of the different port group.

In addition, as in this embodiment, the absolute value of
the angles 03 and 64 may be larger than the absolute value
of the angle having the same sign as the signs of the angles
03 and 04 from between the angles 01 and 62. Thereby,
because the optical axis of each reflection light of the input
beams Bal and Ba2 can be shifted to the outside of the
optical axes of the input beams Bal and Ba2, the reflection
light of the input beams Bal and Ba2 incident on the optical
component 41 can be effectively avoided from returning to
the input ports 12a and 11a. Preferably, the optical axes of
the reflection light of the input beams Bal and Ba2 incident
on the optical component 41 are inclined to be shifted from
the input ports 11a and 12a and all of the output ports 115
and 1254 included in the port groups 10A and 10B.

In addition, as in this embodiment, the optical component
41 may have the front surface 44a (incidence surface), the
input beams Bal and Ba2 may be inclined at the angles 61
and 62 to the predetermined axis Al, respectively, and may
be incident on the front surface 44a, the normal of the front
surface 44a may be inclined to the predetermined axis Al,
and the reflection light of the input beams Bal and Ba2 may
be reflection light in the front surface 44a. The front surface
44a of the optical component 41 may be one of the refractive
index boundary surfaces (for example, the front surface 44a
and the front plate surface of the wavelength plate 45).
Therefore, the configuration described above is included, so
that the reflection light of the input beams Bal and Ba2
incident on the front surface 44a can be prevented from
returning to the input ports 12a¢ and 11a.

In addition, as in this embodiment, when the input beam
Bal includes the polarization components Ball and Bal2 of
which the polarization planes are different from each other
and the input beam Ba2 includes the polarization compo-
nents Ba21 and Ba22 of which the polarization planes are
different from each other, the optical component 41 may
have the polarization separation surface 445 to separate the
polarization components. According to the wavelength
selective switch 1A according to this embodiment, even
when the optical component 41 is included, the input beam
input from the input port of the certain port group can be
surely prevented from returning to the input port of the
different port group.

In addition, as in this embodiment, the optical component
41 may be obtained by integrally forming the wavelength
plate 45 and the polarization separation element 44 having
the polarization separation surface 445. Thereby, the wave-
length selective switch 1A can be miniaturized. In addition,
the angles of the polarization separation element 44 and the
wavelength plate 45 can be collectively adjusted and the
reflection light of the input beams incident on the wave-
length plate 45 can be easily prevented from returning to the
input ports 11a and 12a.

In addition, as in this embodiment, the optical component
41 may have the air conversion length compensation unit 46
on the optical path of one polarization component separated
by the polarization separation surface 446 and may be
obtained by integrally forming the polarization separation
element 44 and the air conversion length compensation unit
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46. Thereby, the wavelength selective switch 1A can be
miniaturized. In addition, the angles of the polarization
separation element 44 and the air conversion length com-
pensation unit 46 can be collectively adjusted and the
reflection light of the input beams incident on the air
conversion length compensation unit 46 can be easily pre-
vented from returning to the input ports 11a¢ and 12a.

In addition, as in this embodiment, the absolute value of
the angle 61 and the absolute value of the angle 62 may be
substantially equal to each other. In this case, if the optical
component 41 has the refractive index boundary surface
vertical to the predetermined axis Al, a part of the input
beams input from one input port is reflected on the refractive
index boundary surface and easily returns to other input port.
According to this embodiment, the optical axis of the optical
component 41 is inclined to the predetermined axis Al, so
that the reflection light of the input beam input from one
input port can be effectively prevented from returning to
other input port, even when the optical component 41 has the
refractive index boundary surface.

(Modification)

FIG. 4 is a lateral cross-sectional view illustrating a
configuration according to a modification of the embodi-
ment, in a wavelength selective switch according to this
modification, a center axis A3 of the air conversion length
compensation unit 46 parallel to the optical axis A2 of the
optical component 41 is shifted in a direction separated from
optical axes of the polarization components Ball and Ba21
toward the deflection element 30, as compared with the
embodiment. In other words, a top surface 464 of the air
conversion length compensation unit 46 facing the polar-
ization components Ball and Ba2l is positioned on the
lower side of an axis A4 passing through an upper end 44e
of the rear surface 44d and parallel to the optical axis A2
(refer to FIG. 3) (in the direction separated from the optical
axes of the polarization components Ball and Ba21 toward
the deflection element 30).

As described above, a cross-sectional shape of the air
conversion length compensation unit 46 along the X7 plane
is a shape of a rectangle long in a direction along the optical
axis A2. Therefore, the optical axis A2 of the optical
component 41 is inclined to the predetermined axis Al, so
that optical paths of the polarization components Ball and
Ba21 toward the deflection element 30 and optical paths of
the polarization components Bal2 and Ba22 deflected by the
deflection element 30 may be disturbed by the air conversion
length compensation unit 46. According to this modification,
the center axis A3 of the air conversion length compensation
unit 46 is shifted as described above, so that that the optical
paths of the polarization components Ball and Ba21 toward
the deflection element 30 and the optical paths of the
polarization components Bal2 and Ba22 deflected by the
deflection element 30 can be avoided from being shifted
from the air conversion length compensation unit 46.

The wavelength selective switch 1B according to the
modification further includes a support member 50. The
support member 50 has a support surface 51 and the optical
component 41 is supported in the support surface 51. The
optical component 41 is placed on the support surface 51 of
the support member 50 and contacts the support surface 51.
A concave portion 51qa is formed in the support surface 51
and the concave portion 51a overlaps a front surface 46a of
the air conversion length compensation unit 46 when viewed
from a direction (X direction) crossing the predetermined
axis Al. In addition, a contact position E of the air conver-
sion length compensation unit 46 and the support surface 51
is a rear edge of the concave portion 51a in a direction (Z
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direction) along the predetermined axis Al. According to
such a configuration, when an angle of the optical compo-
nent 41 is adjusted, a front corner of the air conversion
length compensation unit 46 can be released to the concave
portion 51a. Therefore, the front surface 44a can be pre-
vented from being vertically moved by angle adjustment.

The wavelength selective switch according to the present
invention is not limited to the embodiment and various
changes can be made. For example, in the embodiment and
the modification, the front surface of the optical component
having the polarization separation function and the plate
surface of the wavelength plate are exemplified as the
refractive index boundary surface on which the parts of the
first and second input beams are reflected. However, the
parts of the first and second input beams in the wavelength
selective switch according to the present invention may be
light reflected on other surface of the optical component or
a surface of an optical component other than the optical
component included in the optical system. Therefore, in the
present invention, the optical component having the polar-
ization separation function is not an essential element.

In addition, in the embodiment and the modification, the
arrangement direction of the ports in the input/output unit is
the X direction and the dispersion direction in the wave-
length dispersion element is the Y direction. However, the
arrangement direction and the dispersion direction may be
the same direction.

What is claimed is:

1. A wavelength selective switch comprising:

an input/output unit having a first port group including a
first input port and a first output port and a second port
group including a second input port and a second
output port;

a wavelength dispersion element dispersing wavelength
multiplexing light in wavelength components;

a deflection element deflecting a direction of an incident
beam; and

an optical system optically coupling the input/output unit,
the wavelength dispersion element, and the deflection
element along a predetermined axis,

wherein the optical system includes an optical compo-
nent,

a first input beam input from the first input port is inclined
at a first angle to the predetermined axis and is incident
on the optical component,

a second input beam input from the second input port is
inclined at a second angle to the predetermined axis and
is incident on the optical component,

positive/negative signs of inclinations of the first angle
and the second angle for the predetermined axis are
different from each other,

an optical axis of the optical component is inclined to the
predetermined axis, such that a part of the first input
beam is inclined at a third angle to the predetermined
axis in the optical component and is reflected and a part
of the second input beam is inclined at a fourth angle
to the predetermined axis in the optical component and
is reflected,

the third angle is different from the first angle and the
second angle,

the fourth angle is different from the first angle and the
second angle, and

positive/negative signs of inclinations of the third angle
and the fourth angle for the predetermined axis are
equal to each other,
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wherein the first and second input beams include first and
second polarization components of which polarization
surfaces are different from each other, respectively, and

the optical component has a polarization separation sur-
face to separate the first and second polarization com-
ponents, and

wherein the optical component is obtained by integrally
forming an optical element having the polarization
separation surface and a wavelength plate to match the
polarization surfaces of the first and second polariza-
tion components separated by the polarization separa-
tion with each other.

2. The wavelength selective switch according to claim 1,

wherein an absolute value of the third angle and the fourth
angle is larger than an absolute value of the angle
having the same sign as the positive/negative signs of
the inclinations of the third angle and the fourth angle
for the predetermined axis, from between the first angle
and the second angle.

3. The wavelength selective switch according to claim 1,

wherein the optical component has an incidence surface
on which the first input beam and the second input
beam are incident,

a normal of the incidence surface is inclined to the
predetermined axis, and

parts of the first and second input beams are reflected on
the incidence surface.

4. The wavelength selective switch according to claim 1,

wherein the first and second input ports and the first and
second output ports are arranged along a surface cross-
ing the predetermined axis.

5. The wavelength selective switch according to claim 1,

wherein an absolute value of the first angle and an
absolute value of the second angle are substantially
equal to each other.

6. A wavelength selective switch comprising:

an input/output unit having a first port group including a
first input port and a first output port and a second port
group including a second input port and a second
output port;

a wavelength dispersion element dispersing wavelength
multiplexing light in wavelength components;

a deflection element deflecting a direction of an incident
beam; and

an optical system optically coupling the input/output unit,
the wavelength dispersion element, and the deflection
element along a predetermined axis,

wherein the optical system includes an optical compo-
nent,

a first input beam input from the first input port is inclined
at a first angle to the predetermined axis and is incident
on the optical component,

a second input beam input from the second input port is
inclined at a second angle to the predetermined axis and
is incident on the optical component,

positive/negative signs of inclinations of the first angle
and the second angle for the predetermined axis are
different from each other,

an optical axis of the optical component is inclined to the
predetermined axis, such that a part of the first input
beam is inclined at a third angle to the predetermined
axis in the optical component and is reflected and a part

12

of the second input beam is inclined at a fourth angle
to the predetermined axis in the optical component and
is reflected,
the third angle is different from the first angle and the
5 second angle,
the fourth angle is different from the first angle and the
second angle, and
positive/negative signs of inclinations of the third angle
and the fourth angle for the predetermined axis are
equal to each other,
wherein the first and second input beams include first and
second polarization components of which polarization
surfaces are different from each other, respectively, and
the optical component has a polarization separation sur-
face to separate the first and second polarization com-
ponents,
wherein the optical component is obtained by integrally
forming an optical element having the polarization
separation surface and a compensation optical element
provided on an optical path of one polarization com-
ponent separated by the polarization separation surface
and compensating for air conversion lengths of the first
and second polarization components, and
a center axis of the compensation optical element is
parallel to the optical axis of the optical component and
is shifted in a direction separated from an optical axis
of the other polarization component separated by the
polarization separation surface.
7. The wavelength selective switch according to claim 6,
wherein an absolute value of the third angle and the fourth
angle is larger than an absolute value of the angle
having the same sign as the positive/negative signs of
the inclinations of the third angle and the fourth angle
for the predetermined axis, from between the first angle
and the second angle.
8. The wavelength selective switch according to claim 6,
wherein the optical component has an incidence surface
on which the first input beam and the second input
beam are incident,
a normal of the incidence surface is inclined to the
predetermined axis, and
parts of the first and second input beams are reflected on
the incidence surface.
9. The wavelength selective switch according to claim 6,
further comprising:
a member having a support surface supporting the optical
component,
wherein a concave portion is formed in the support
surface, and
the compensation optical element and the member contact
in the concave portion in a direction along the prede-
termined axis.
10. The wavelength selective switch according to claim 6,
wherein the first and second input ports and the first and
second output ports are arranged along a surface cross-
ing the predetermined axis.
11. The wavelength selective switch according to claim 6,
wherein an absolute value of the first angle and an
absolute value of the second angle are substantially
equal to each other.
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